Summary 3 mercuric chloride resistant strains of Staphylococcus aureus of human, canine and bovine origin were inoculated into rabbits which were then caged with clinically healthy rabbits. All rabbits were observed twice daily for evidence of infection. The human strain of S. aureus produced the severest lesion and the bovine strain the least severe lesion. Only 1 of 16 healthy rabbits developed a lesion similar to those of the infected rabbits in its group and from which identical S. aureus was isolated. It was concluded that the human biotype was more virulent in rabbits than the canine and bovine biotypes, and that infection in a rabbit colony by mercuric chloride resistant members of the 3 biotypes may not cause epidemic staphylococcosis.
The factors that make certain staphylococcal strains potentially epidemic are still an enigma. Many authors, such as Moore (1960) and Lepper (1958) , attributed the property to hitherto undiscovered antigenic or metabolic characters. It was further suggested that these undiscovered characters also made the organisms more resistant to mercury than the nonepidemic types. Another factor suggested by the same authors was greater 'communicability'. This experiment was designed to study the effects of different potentially epidemic biotypes of Staphylococcus aureus on rabbits and to find whether mercury resistant staphylococci are communicated from infected rabbits to uninfected ones housed with them.
Materials and methods
Rabbits 29 New Zealand White rabbits were used. Our laboratory No. 193 , isolated from canine nostrils. This organism was fibrinolysin negative, reacted positively with specific canine serum 61218 (Live, 1972) , did not produce acetoin (Devriese & Oeding, 1976) , was sensitive to international human phage set, and was crystal violet positive. It was classified as a canine biotype (Adekeye, 1978) . Our laboratory No. 308, isolated from human contaminated wound. This was fibrinolysin positive, reacted positively with serum 17H (Live, 1972) , was a-haemolytic, susceptible to international human phage set, and crystal violet negative. It was classified as a human biotype (Adekeye, 1978) .
Strains of Staphylococcus aureus
Our laboratory No. 116, isolated from cattle nasal passage. It was fibrinolysin positive, crystal violet type C, and coagulated bovine plasma only. It was classified as biotype C-the type normally prevalent in cattle (Hajek & Marsalek, 1971) .
The 3 strains grew on mercuric chloride agar prepared according to Moore's method (1960) .
Culturing and harvesting
Each culture was grown on a trypticase soy agar slant in a 150 x 18 mm test-tube. The growth was washed off the slant with 3 ml sterile physiological saline.
Standardization
The concentrations of the organisms/ml used were determined by McFarland's nephelometer method, and the viable count of organisms per ml by the plate method.
Preliminary studies 6 rabbits, examined for 2 weeks and found apparently healthy as indicated by normal body temperatures, had portions of their flanks shaved clean and sterilized with cottonwool soaked in 70% ethyl alcohol. 2 rabbits were used for each strain of S. aureus. One of each pair was injected with 1 ml of 3 x 10 3 , 3 X lO l and 3 x 10 7 organisms/ml at 3 different sites on the right flank, and 1 ml of 30 and 3 x 10 9 organisms/ml at 2 different sites on the left flank. The other rabbit of each pair was injected with 1 ml of 3 x 104, 3 x 10 6 and 3 x 10 8 organisms/ml at 3 different sites on the right side and 1 ml of 3 x 10 2 and 3 x 10 10 organisms/ ml on the left side.
Body temperatures were monitored daily and thorough examination of the injection sites performed. A rabbit was used as a control for each strain of organisms used and this was injected with sterile distilled water. Doses below 3 x 10 8 organisms/ml produced only reddening of the skin which disappeared after 24 h. At the dose of 1 ml suspension of 3 X 10 8 organisms/ml for each strain, prominent lesions developed 2 days after inoculation. The lesions varied from firm to fluctuating swellings. 5 days after inoculation the lesions became soft and apparently ready to ulcerate. Samples of the abscesses were taken by aspiration and cultured. S. aureus strains similar in all characters to those inoculated into each rabbit were recovered.
Studies on the epidemic spread of the staphylococcosis among rabbits
Each pair of rabbits infected by the same strain of organism was kept in a new cage with 4 uninfected rabbits.
Cage I contained 2 rabbits infected with S. au reus strain 193 and 4 clinically healthy rabbits, one of which had a flank shaved, and another a flank and snout shaved clean. The remaining 2 rabbits were unshaven.
Cage II contained 2 rabbits infected with S. aureus strain 308 and 4 healthy rabbits, 2 of which had both flanks and snouts shaved.
Cage III contained 2 rabbits infected with S. aureus strain 116 and 4 healthy rabbits, one of which had the flanks shaved and another its flank and snout shaved. The remaining 2 were unshaven.
Cage IV contained a rabbit injected with 1 ml sterile distilled water, and 4 untreated clinically healthy rabbits all of which had flanks and snouts shaved.
All were examined daily for evidence of transmission of infection from infected to uninfected rabbits.
Results
All 6 rabbits inoculated with S. aureus developed abscesses. Abscesses on the 2 rabbits infected with the human S. aureus 308 were the biggest, while those of the 2 rabbits infected with the bovine S. aureus 116 were the smallest. The abscesses on the infected rabbits in cage II ruptured, leaving crater-like lesions 3 days after the rabbits had been put with the uninfected ones in the cage. These lesions contained copious purulent discharge, while those on the infected rabbits in cages I and III had smaller quantities. The lesions in cage III were less pronounced than those on infected rabbits in cage I. 9 days after grouping into cages, one of the rabbits that was clinically healthy at the time of grouping in cage II developed an infection on a shaved flank. The lesion looked very much like those which had developed on the infected rabbits, but was considerably smaller. On culturing, a sample of the contents of the lesion yielded a pure growth of S.
Adekeye aureus with similar characteristics to the experimental inoculum used in cage II. Throughout the period of infection there was no detectable rise in temperature, but the infected animals were less active and more apprehensive. After 24 days the lesions on all the rabbits had healed and were almost covered with hair. None of the rabbits in the control cage IV developed any lesions.
Discussion
The work of many authors (e.g. Meyer, 1967; Hajek & Marsalek, 1971; Devriese & Oeding, 1976) suggests that strains of S. aureus derived from different animal species themselves differ. It is important then to know whether S. aureus strains derived from one animal species can infect another, and also to see whether different biotypes will produce equally severe infections in a particular animal species. In this experiment, strains of S. aureus derived from man, dog and cattle were all able to produce disease in rabbits. This may also be possible under natural conditions. It may mean that S. aureus biotypes from any particular animal species may have the potential of producing disease in other species. Conditions that favour such cross-infection by an S. aureus biotype under natural conditions need to be investigated. It seems that close contact between different animal species, contamination of the environment by a ruptured abscess, or accidental inoculation of the S. aureus biotype into the other species, are factors necessary for such occurrence.
Strains 193 and 116 were from the nasal passages of dog and cattle respectively. The ability of these 2 strains to produce disease in rabbits may be connected with the abilities of S. aureus strains found in the nasal passages of man and animals to cause disease in other species.
The human biotype produced more serious lesions than the other 2 animal biotypes. Innate differences in the individual rabbits might have accounted for the sizes and eventual nature of the lesions that developed. A more logical explanation is that the human biotype was more virulent for the rabbits than the canine and bovine biotypes in this experiment. Of the animal biotypes the canine was more virulent to the rabbits than the bovine, producing bigger abscesses on the rabbits.
Elek & Conan (1957) concluded that it was necessary to inject 5 x 10 6 viable S. aureus cells into the skin of human volunteers to produce infection and disease, but 3 x 10 8 viable organisms were needed to produce satisfactory infection and disease in rabbits used in this work. The difference might be due to differences in the animals used.
The 3 strains of S. aureus were resistant to mercuric chloride, 'and this is generally taken to be an indication of potentiality for causing epidemic infection (Moore, 1960) . There was no epidemic outbreak of staphylo-cocco sis among the rabbits in the 4 cages. This is not easy to explain, more especially since abscesses in infected rabbits in cages I and II ruptured and possibly contaminated the cages with pus. It may be connected to lack of the factors that would favour the spread of the organisms under natural conditions. It may also mean that not all mercury-resistant strains of S. aureus are capable of causing epidemic infections. The fact that 1 rabbit in cage II developed similar but much smaller infection than its experimentally infected cagemates may be further evidence that the human biotype in this experiment was the more virulent.
The lack of detectable rise in temperature in the rabbits during the experiment agrees with Weisbroth,
